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Research Activities

My research centered on the study of stability and instability of nonlinear waves for
nonlinear partial differential equations arising in kinetic theory, compressible flows and
elasticity. Th following papers have been written with the support of the ARO grant:

1. (with D. Hoff) The inviscid limit for the Navier-Stokes equations of compressible,

instropic flow with shock data, Indiana Univ. J. 38 (1989) 861-915.

Nonlinear waves for viscoelasticity with fading memory, J. Diff. Equ. 76 {1988) 26-46.

Nonlinear resonance for quasilinear hyperbolic equation, J. Math. Phys. 28 (1987)
2593-2602.

4. (with Z. Xin) Nonlinear stability of rarefaction waves for compressible Navier-Stokes
equations, Comm. Math. Phys. 118 (1988) 451-465.

5. (with S. Hsu) Nonlinear singular Sturm-Liouville problem and application to transonic
flow through a nozzle, Comm. Pure Appl. Math. 43 (1990), 31-62.

6. (with T. Zheng) A scalar combustion model, Arch. Rational Mech. Anal. to appear.

(Z. Xin) Stabilitv of viscous shock waves associated with a nonstrictly hyperbolic
conservation law, {preprint).

-]

(S. Cox) Zero memory limit for a viscoelasticity model with Riemann data, (preprint).
9. On the viscosity ciiterion for hyperbolic conservation laws, (preprint).

10. (Z. Xin) Over compressive shock Waves onlinear volution equations that change types,
ed. B. Keyfitz and M. Shearer, IMA volumes in Math. Appls. Vol. 27 (1990} 149-145.

[1] and [4] consider the the compressible Navier-Stokes equations. These are the most
important equations for gas dynamics. In [1] we study the zero dissipation limit of viscous
flow with a shock wave. Interesting behaviors such as discontinuity and shock layers
are analyzed. [4] and earlier works of the author on Euler equations show that Navier-
Stokes and Euler equations are time-asymptotically equivalent for expansion waves. [2]
and [8] study elasticity with memory. [2] constructs nonlinear waves and studies their
qualitative properties. [8] studies the stability of travelling waves which are developed
through discontinuity data. The result implies that the zero- memory himit exists after
the initial layer and is an elastic shock. Currently Chen of U. Chicago and the author
are finishing a paper on more general questions of the zero relaxation limit. [3] studies
hyperbolic conservation laws with a moving source. We found nonlinear stability and
instability, and changing types of waves due to nonlinear resonance of the source, the
convection and compression of the flux. Such phenomenon exists for gas flow through a
duct of varying cross section and MHD with a moving magnetic force. [5] considers viscous
compressible flow through a nozzle. We study the existence and stability of stationary flow.
Because of nonlinear resonance and the smallness of viscosity, the Surm-Liouville problem
it gives rise to is singular and has nonlinear turning point. The analytical aspect is therefore
distinct from previous works in the subject. In [6] a scalar combustion model is proposed.
In spite of its simplicity it is capable of capturing some interesting instability properties
of combustion waves. [7] and [10] study the stability of overcompressive shock waves for
viscous and inviscid models. Such waves occur in multiphase flow. We show that they are

o 91-05288

gl - . 12 IR

“



stable in a different sense from that of the classical shock waves in gas flows. Finally in
[9]) we consider the stability of intermediate shock waves for magnetohydrodynamics and
nonlinear elasticity. These waves are easily shown to be unstable from the inviscid theory.
But we show that they are stable for the viscous model provided that they perturbation
is not too large compared to the dissipative coeflicients. Previous studies are mainly
numerical and not definite. We argue from the time-invaiants and the principle of nonlinear
superposition, ideas the author introduced earlier to study the compressible Navier-Stokes
equations.

The ARO Grant, besides allowing the author to devote more time to do research, is
also important for sparing the time necessary to direct Ph.D. students. S. Cox obtained
his T'h.D. in Maryland, 1988, with a dissertation on elasticity with memory. P. Zingano
and K. Zumbrun finished their Ph.D.’s at N.Y.U., 1990. Zingano studies expansion waves
and Zumbrun generalized N-waves for non-genuinely nonlinear models. Currently Cox is
working in industry, Zingano is doing MHD research with me, and Zumbrun is in Stony
Brook working on crossing waves ‘n multiphase flow.

Works for which substantial progresses have been made but not yet finished include
the follewing: with Chen and Levermore we are finishing a study on relaxation model. We
are able to justify the zero mean free path fluid approximation in the kinetic theory for a
simple model the author proposed. The author is writing up a paper on the MHD shocks
with analytical details for results announced in [9] above. With Xin we have found that
compressible Navier-Stokes equation has more singula: behavior near vacuum than that of
the compressible Euler equations.
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